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Abstract 
 
The goal of energy efficiency in buildings is a driving force for constant innovation in the construction industry. The 
opportunities are searched either in cutting edge solutions but also in basic components. The development of thermal 
renderings and thermal plasters is a recent trend in the market, which aims at lowering the envelope’s U-Value with 
upgraded thermal resistance of its components. 
The paper has the objective of presenting evaluation schemes that demonstrate the potential and allow for durability 
assessment of a gypsum based thermal plaster to be applied as interior rendering on walls and ceilings. 
The first part of the work focus the laboratory characterization of the product. It relies on the addition of low weight 
aggregates to reduce density and hence heat conductivity. In addition to a lower conductivity, these materials 
demonstrate a higher moisture capacity, resulting in a solution that can present benefits not only for energy efficiency 
but also for the passive control of relative humidity. Accelerated ageing tests were also performed, to assess the 
durability of the product. 
In a second part, hygrothermal simulations were performed to evaluate the potential benefits of the product and to 
detect hygrothermal risks that can result from its application in specific environmental conditions. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
 
Keywords: Thermal plaster; Laboratory test; Building simulation; Energy efficiency 
 
 
 
 
 
 
 
 
 
* Corresponding author. Tel.: +351 22 508 1770. 
E-mail address: nuno.ramos@fe.up.pt 
 
Available online at www.sciencedirect.com
  he Authors. Published by Elsevi r Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons. rg/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL
 Joana Maia et al. /  Energy Procedia  78 ( 2015 )  2724 – 2729 2725
1. Introduction 
 
A trend of developing thermal insulation renderings and plasters has recently been observed in the industry. A 
methodology for highlighting their potential benefits and possible risks is not completely defined in standardized 
procedures. The testing of an innovative product provided the opportunity to explore such a methodology. Thermal 
insulation plastering mortars are coating products with an improved thermal performance, addressed in the standard 
EN 998-1:2010 [1], with the designation of Thermal Insulating Mortar and are divided in 2 categories: T1 (≤ 
0.10W/m.K) and T2 (≤ 0.20W/m.K). Properties of gypsum-based plasters can be defined in the frame of the EN 
13279-1: 2008 [2] standard, where a class for thermal insulation plasters is assigned and applicable requirements are 
set. A gypsum-based plaster with the incorporation of cork granules was developed, intending to present interesting 
benefits for energy efficiency by contributing to increase the thermal resistance of envelope elements, for hygric 
behavior by contributing to the building’s hygroscopic inertia, for the coating’s durability by applying low elasticity 
modulus plasters with benefits in cracking reduction and for sustainability due to the incorporation of waste material 
and the use of raw-materials that imply less energy consumption in their production process. The need to explore the 
potential benefits and risks of using this product led to the presented investigation. 
This paper starts by presenting an experimental characterization of this recently developed innovative product. The 
requirements and test proceedings were based on EN 13279-1: 2008 [2]. However, due to the lack of requirements 
and procedures established in the referred standard, additional relevant material properties were assessed with 
alternative procedures. On a second step, the paper presents the implementation of the measured properties in Energy 
Plus simulations that exemplify possible benefits of this solution. 
 
2. Studied material 
 
The studied material (see Fig. 1) consists of a gypsum-based plaster with incorporated cork granules, for application 
in the interior face of walls and ceiling, with density around 600 kg/m3. 
 
 
 
Fig. 1. Studied material. 
 
The product was developed by the industry and is intended to be applied by mechanical spraying. According to EN 
13279-1:2008 [2], this product could be classified as C4 – thermal insulation plaster – included in the gypsum plasters 
for special purposes group. Initial setting time is the only defined requirement (> 20 min) and the manufacturers are 
advised to verify the thermal insulation properties by means of suitable methods (described in the referred standard). 
Therefore, to demonstrate the presented material potential more tests should be carried out. 
 
3. Hygrothermal properties 
 
The focus was put in assessing the behavior of renderings applied in interior surfaces leading to the measurement 
of thermal conductivity, vapor permeability and sorption isotherm. The thermal conductivity measurement was carried 
out applying the Guarded Hot Plate Method, based on the standard EN 12664:2001 [3]. The water vapor permeability 
test was done according to the standards ISO 12572:2000 [4] or EN 1015-19:1998+A1:2004 [5], by evaluation in two 
different conditions: dry cup and wet cup. The sorption isotherm was determined according to the EN ISO 12571:2000 
[6] proceedings. The test specimens, dry at the beginning, were placed in increasing RH ambient (30%, 50%, 80% 
and 90%) inside a high precision climatic chamber and moisture content was determined by weighing. 
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Table 1 and Fig. 2 present the test results. Additionally, a comparison with current gypsum plaster (GP) properties 
is presented. 
 
Table 1. Obtained results in the hygrothermal tests (materials applied by mechanical spraying) 
 
Property Gypsum+Cork 
(G+C) 
Current Gypsum Plaster 
(GP) [11] 
Thermal conductivity, λ (W/(m.ºC) 0.11 0.25 
Diffusion resistance factor (dry cup), µ 9.5 10.3 
Diffusion resistance factor (wet cup), µ 4.8 6.9 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Sorption isotherm. 
 
4. Adhesive strength 
 
4.1. Substrate influence 
 
To determine the adhesive strength the proceedings defined in EN 1015-12 [7] and EN 13279-2 [8] were followed, 
evaluating two different substrates types – concrete and brick masonry – with 2 cm of the test material applied on 
them. After carrying out the tests, fracture pattern type B (cohesive fracture) was obtained. The adhesive strength 
values were 0.1 MPa with a concrete substrate and 0.2 MPa with a brick masonry substrate. 
 
4.2. Ageing effect 
 
The standard EN 13279-2 [8] doesn’t define any durability evaluation procedures. Therefore, some tests were 
carried out taking into account other standards, which provide durability assessment procedures, but adapted to this 
specific material and having in mind it’s applied on interior surfaces. Based on the ETAG 004 [9] procedures, a 
temperature cycle frequently adopted (daily cycle with temperature variation from -5ºC to 75ºC – see Fig.3) was 
applied to a sample brick wall with 1.9x1.9 m2. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Measured vs. Programmed daily cycle temperature evolution. 
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Based on EN 1015-21 [10], a heating-freezing ageing cycle was performed and adapted (heating by infrared 
radiation and -20ºC freezing temperature in dry conditions). The adhesive strength results after ageing tests are 
presented in Fig. 4. The effect of ageing by temperature variation didn’t produce a significant resistance reduction and 
the sample wall didn’t develop cracking. The results for the heating-freezing test considering the two different 
substrates were divergent. Although not thoroughly tested, ageing involving liquid water or high relative humidity 
leading to condensation on the material surface produced severe damage. 
 
 
 
 
 
 
 
 
 
 
a) b) 
 
Fig. 4. Accelerated ageing tests results: a) Cycles with temperature variation (1: Before ageing; 2: After 13 days; 3: After 26 days; 4: After 39 
days; b) Heating-freezing cycles (1: Before ageing; 2: After ageing). 
 
5. Hygrothermal simulations 
 
5.1. Model description 
 
A set of hygrothermal simulations were done using EnergyPlus [12], to highlight possible advantages of the thermal 
plaster application and evaluate the usefulness of the material properties characterization. Two scenarios were studied: 
a base case where current gypsum plaster was considered and another one using the thermal plaster, presented in this 
paper, to simulate a rehabilitation case. Three different heat balance algorithm were used: Conduction Transfer 
Algorithm (CTF); Combined Heat and Moisture Transfer (HAMT); Effective Moisture Penetration Depth (EMPD). 
CTF algorithm doesn’t take into account the water vapor storage and diffusion unlike HAMT and EMPD algorithms 
that account for moisture transfer effects. The building geometry considered in the simulations is based on the BESTest 
method [13]. Table 2 shows the models characteristics and properties. 
 
Table 2. Simulation models characteristics. 
 
Characteristics Base Case Rehabilitated Case 
Dimensions/ 
Glazing 
8 x 6 x 2.7 m / 2 South orientated windows: 3 x 2 m, opaque shading on if Ti > 22 ºC 
Location Porto (Portugal), elevation: 73 m, latitude: 41.23º, longitude: -8.68º 
Infiltration 0.5 ACH (Air Changes per Hour) 
Internal gains 0.0625 people/m2, 120 W/person, Monday-Friday (8 am-7pm) 
Floor Concrete slab with adiabatic boundary condition: 
 
Walls 
Brick cavity wall with gypsum plaster interior 
finishing with U = 1,25 W/m2.ºC 
EMPD properties: ݂ሺݔሻൌͲǤͲͲͶͺݔͳǡͷͻͷͷ; δM =2 cm. 
Same as Base Case plus thermal plaster as new innermost 
layer 
EMPD properties: ݂ሺݔሻൌͲǤͲͲ͹ͺݔͳǡ͵͸͹; δM =2 cm. 
Roof Asphalt fabric, concrete slab, gypsum plaster 
Same as Base Case plus thermal plaster as new innermost 
layer 
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Base Case 
 
 
 
 
 
 
 
 
 
 HAMT EMPD 
Rehabilitated Case 
 
 
 
 
 
 
 
 
 
HAMT EMPD 
5.2. Simulation results 
 
The simulation results were first analyzed comparing the different algorithms for the calculation of interior 
temperature and relative humidity. Fig.5 shows the hourly relative humidity, in January. 
 
 
 
 
 
 
 
a) b) 
 
Fig. 5. Hourly interior relative humidity in January. 
 
The obtained hourly temperatures, comparing the three models, are very similar. The major difference, analyzing 
the three simulations results, is in relative humidity (RH) comparison between CTF with EMPD and HAMT. The 
maximum RH value decreased around 10% and the range 10-20%, due to the moisture buffering effect. The fitting to 
the HAMT model was possible after using the EMPD model properties presented in Table 2. 
Table 3 presents the summary results of three different scenarios (Base Case, Rehabilitated Case with 2 cm and 4 
cm of the studied thermal plaster) simulated in two conditions: dead band thermostat (20-25 ºC) and free floating. 
Regarding the latter, only January percentiles were presented as an example. The energy demand reduction was 
relevant, corresponding to 23% and 36% for the cases with 2 cm and 4 cm of thermal gypsum, respectively. In the 
case of the free floating scenarios, a temperature increase could be noted. The moisture buffering effect was only 
clearer for the case of 4 cm thick thermal rendering, which means that the hygroscopic effect of this product is not too 
different from common gypsum. Different scenarios may return different conclusions. 
 
 
Table 3. Simulation results summary (3 different scenarios simulated with dead band thermostat and free floating). 
 
  Parameter  
 
Base Case 
Rehabilitated Case 
(G+C=2 cm) 
Rehabilitated Case 
(G+C=4 cm) 
Dead band 
thermostat 
(20-25ºC) 
(one year) 
 Heating 3221 2470 2070 
Energy (kWh)     
 Cooling 648 491 413 
T10 10.7 11.4 12.2 
 Temperature 
(ºC) 
T50 13.4 14.2 14.8 
Free Floating 
(January) 
 T90 16.3 17.5 18.5 
Relative 
Humidity 
(%) 
RH10 49.0 45.9 44.8 
 RH50 59.5 56.5 56.2 
 RH90 80.8 81.9 74.2 
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6. Conclusions 
 
The main conclusions of this work are the following: 
 
x Incorporating cork in an industrial gypsum plaster for spray application allows for a significant density decrease 
from about 1100 kg/m3 to 600 kg/m3 that leads to a reduction of conductivity from 0.25 W/m.ºC to 0.11 W/m.ºC 
and a sensible increase in hygroscopicity; 
x Although a significant decrease of mechanical resistance can be observed, adhesive strength was acceptable, 
associated with cohesive fracture, even after accelerated ageing without liquid water effect; 
x The standardized procedures for gypsum plaster characterization pay little attention to hygrothermal aspects and 
durability assessment and could therefore benefit from the inclusion of related procedures; 
x The laboratory measurements provided detailed data for hygrothermal simulations that allowed for an evaluation 
of sensible benefits of the use of these materials for the plastering of interior surfaces. 
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